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ESOPHAGEAL ACID EXPOSURE IN HEALTHY ADULTS
IN TAIWAN: EXPERIENCE WITH PH STEP-UP METHOD
BY DUAL-CHANNEL PH-METRY
Chih-Hsun Yi, Chien-Lin Chen, Hans Hsien-Hong Lin, and Ming-Cheh Chen
Division of Gastroenterology, Department of Internal Medicine,
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Esophageal acid exposure is common in normal subjects. The aim of this study was to investigate proximal
and distal esophageal acid exposure in asymptomatic volunteers using dual-channel esophageal pH-metry
with probe positioning by pH step-up. A total of 21 healthy subjects (9 male; mean age, 51 years) underwent
24-hour ambulatory esophageal pH recording with the pH step-up method using a two-channel pH probe,
a portable digital data recorder, and computerized data analysis. All reflux episodes, episodes longer than
5 minutes, longest reflux episode, duration of acidity (pH < 4), and percentage of time with acidity were
analyzed. The 95th percentile for reflux parameters assessed in the distal/proximal esophagus were: total
reflux episodes, 100/34; episodes greater than 5 minutes, 2.9/0; longest reflux episode, 16.6/2.95 minutes;
duration of acidity, 87.95/15.5 minutes; and percentage of time with acidity, 7.0%/1.3%. Proximal and
distal acid exposure were well correlated. Results showed that neither gender nor age influenced reflux
parameters and that asymptomatic volunteers might experience some gastroesophageal reflux.
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Esophageal pH monitoring was first used by Tuttle and
Grossman in 1958 [1]. The technique has since improved and
is now the gold standard for diagnosis of reflux disease [2].
Initially, patients were hospitalized and their activities and
diet were restricted. With time, data recorders became smaller
and portable, and the test is now done in the outpatient setting.
It is traditionally suggested that the upper margin of the lower
esophageal sphincter (LES) should be located before esophageal
pH measurement is undertaken [3]. However, it has been
reported that the pH probe can be positioned by the pH step-
up method [4]. Although manometry is recommended for
precise positioning of the pH probe, the equipment and
technique are not only expensive but also time-consuming
and unpleasant for the patient. An alternative method is to
locate the LES by measuring the sudden rise in pH when
pulling the pH probe from the stomach into the esophagus.
Although normal values of 24-hour pH-metry have been well
studied [5], to our knowledge, 24-hour pH-metry data after
probe positioning by pH step-up are scanty in healthy
volunteers.
Therefore, the present study was undertaken to
determine, with simultaneous two-level esophageal pH
monitoring by pH step-up, the characteristics of proximal
and distal esophageal acid exposure in 21 healthy volunteers.
Our findings are compared with previous results.
MATERIALS AND METHODS
Subjects
This study included 21 healthy volunteers (9 male and 12
female; mean age, 51 years; range, 25–73 years) who
had undergone both upper endoscopy and 24-hour pH
Kaohsiung J Med Sci July 2005 • Vol 21 • No 7
C.H. Yi, C.L. Chen, H.H.H. Lin, and M.C. Chen
300
evaluations. All subjects were non-smokers and took no
medication. They were totally asymptomatic and had no
history of esophageal, gastric or duodenal disease. Each
volunteer was carefully interviewed and underwent phy-
sical examination. Additional laboratory investigations were
performed where appropriate to exclude systemic disorders
affecting esophageal motility and reflux. Upper endoscopy
was performed on all volunteers to exclude hiatal hernia.
They had not taken any medication in the week prior to the
study. Informed written consent was obtained from each
subject prior to the study.
Procedure
Ambulatory esophageal pH studies were completed as
outpatient procedures. Patients arrived at the motility labo-
ratory of Buddhist Tzu Chi Hospital after an overnight fast.
In all subjects, two separate antimony pH probes (M-tec,
Sandhill Scientific, CO, USA) were positioned in the
esophagus at about 5 and 20 cm above the proximal border
of the LES by pH step-up [6] while in a recumbent position.
This method requires placing the pH probe distally until
a clearly acidic pH (1.5–2.5) is achieved and then slowly
withdrawing the probe until the pH rises to approximately
4.0. At that point, the pH probe is most likely to be in the
esophagogastric junction. The probe is then withdrawn to
5–7 cm above the level and fixed at that point. The second
probe is then positioned about 15 cm above the first.
The probes were connected to a solid-state data recorder
(Sandhill Scientific) worn either around the waist or over
the shoulder. Subjects were instructed to follow their daily
routine as closely as possible and to indicate all food ingestion
and sleep times on a log. They were also asked to remain as
upright as possible when awake, and to lie down flat when
asleep. The subjects returned to the hospital after com-
pleting the 24-hour recording period. The stored pH data
were transferred to a computer for analysis. The 24-hour
esophageal pH variables evaluated were number of reflux
episodes, number of acid (pH < 4) exposures with duration
greater than 5 minutes, duration of longest episode, min-
utes of esophageal acidity (pH < 4), and percentage of time
with acidity, measured in both the upright (diurnal) and
recumbent (nocturnal) positions. Reflux events were defined
as a drop in pH to below 4.0 for at least 30 seconds. A reflux
event was terminated when the pH returned to 4.0. All
variables were evaluated for both the proximal and distal
channels.
Statistical analysis
Data from proximal and distal esophageal sensors were
analyzed separately, and were assessed using the 95th
percentile for the subject group. Correlation analysis with
Spearman’s method was applied to examine the relation-
ships between proximal and distal reflux parameters.
RESULTS
The volunteers in our study underwent pH monitoring
for a mean time of 22.1 ±  1.5 hours (median, 23.1 hours).
Values for 95th percentile and range of distal and proximal
pH parameters are shown in Table 1. The distal values
were significantly higher than the proximal values for all
variables. Proximal and distal acid exposure measurements
were well correlated (Table 2). The reflux parameters did
not correlate well with age, gender, or body weight (data
not shown).
DISCUSSION
We have demonstrated that physiologic gastroesophageal
reflux occurs in healthy adults. A close association was
observed between the proximal and distal channels in acid
exposure. Our results are comparable with the findings of
a Western study [5].
An approximation of the ideal probe site can be
accomplished using pH determinations only. This method
is accurate in normal volunteers but problematic in patients
with gastroesophageal reflux disease (GERD) [6]. Data are
still controversial with regard to the accuracy of pH step-up
as an alternative method for placement of the pH probe for
24-hour pH-metry. Accurate positioning has been reported
in 100% of healthy volunteers and 98–100% of reflux patients
[4,6]. However, other studies failed to find any correlation
between the two methods [7]. In addition, previous studies
have demonstrated some limitations with pH step-up when
24-hour pH monitoring was performed during proton pump
inhibitor therapy [8].
Our study aimed to provide information on proximal
acid exposure in normal individuals. With the 15-cm spacing
between the two pH electrodes, it is possible to evaluate
proximal gastroesophageal reflux with proximal electrodes
uniformly placed 20 cm above the LES (and residing in the
esophageal inlet) in all subjects. Proximal acid exposure is
normally low. In this study, the degree of physiologic reflux
in healthy controls was much higher than that reported by
earlier studies using manometry [5,9] and pH step-up [8].
Our subjects had higher values for the percentage of time
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with acid exposure as well as the number of proximal reflux
episodes for upright, recumbent, and total monitoring
periods. Because the sample size was small, it is possible
that the difference could result from an older age in the
current study (mean age, 51). Aging is reportedly associated
with more prolonged acid exposure [10]. It is probable that
the difference results from methods used to locate the LES:
the pH probe is closer to the stomach with pH step-up than
with manometry [8].
We have demonstrated good correlation between
proximal and distal reflux parameters, indicating that the
source and mechanism of acid reflux is the same for both
sites. Ambulatory esophageal pH monitoring in the distal
esophagus is currently the most reliable method for detecting
GERD [3]. However, some atypical GERD symptoms may
result from reflux of acid into the proximal esophagus. To
measure both proximal and distal esophageal acid exposure
might be a more reasonable approach for the diagnosis of
Table 1. Distal and proximal reflux parameters
Distal Proximal
When upright
Time pH < 4 (%) 7.68 (0–7.8) 2.0 (0–2.1)
Episodes > 5 min (n) 1.0 (0–2.0) 0
Longest episode (min) 9.9 (0–10.0) 2.95 (0–3.0)
Reflux episodes (n) 87 (0–109.0) 28 (0–82.0)
When supine
Time pH < 4 (%) 6.1 (0–6.3) 0.6 (0–0.7)
Episodes > 5 min (n) 0 (0–1.0) 0
Longest episode (min) 16.3 (0–17.0) 1.95 (0–2.0)
Reflux episodes (n) 8 (0–45.0) 15 (0–16.0)
Total 24-hr period
Time pH < 4 (%) 7.0 (0–7.1) 1.3 (0–1.4)
Episodes > 5 min (n) 2.9 (0–3.0) 0
Longest episode (min) 16.6 (0–17.0) 2.95 (0–3.0)
Reflux episodes (n) 100 (0–154.0) 34 (0–98.0)
Data shown as 95th percentile (range).
Table 2. Correlation between proximal and distal reflux parameters
rs p
Upright period
Percentage of time pH < 4 0.67 0.006
Episodes > 5 min (n) – –
Longest episode (min) 0.08 NS
Reflux episodes (n) 0.65 0.001
Supine period
Percentage of time pH < 4 0.53 0.01
Episodes > 5 min (n) – –
Longest episode (min) 0.50 0.02
Reflux episodes (n) 0.87 < 0.001
Total 24-hr period
Percentage of time pH < 4 0.74 < 0.001
Episodes > 5 min (n) – –
Longest episode (min) – –
Reflux episodes (n) 0.76 < 0.001
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atypical GERD [11,12], although the clinical usefulness of
proximal esophageal pH monitoring alone is still under
debate. Some studies have found increased prominent
proximal reflux in patients with laryngitis [13], chest pain
[14], and respiratory symptoms [15]. In contrast, other stud-
ies did not show any association in patients with asthma
[16] or hoarseness [17].
This study has some limitations that may make the
results less applicable to the general population. First, reflux
patients were not included in the study. Second, we did not
perform a direct comparison of manometry and pH step-
up. Third, we did not repeat pH studies to ascertain the
reproducibility of our findings in the same individuals over
time.
In conclusion, the current study provides data of distal
and proximal acid exposure in a subset of healthy subjects
using pH step-up. We have shown that some gastro-
esophageal reflux occurs in healthy volunteers. These
findings are consistent with the concept that gastro-
esophageal reflux is a normal physiologic process that does
not produce symptoms.
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